We report a multilayer dielectric metasurface platform that increases the design flexibility of metasurfaces. We numerically and experimentally demonstrate multiwavelength metaoptics using this platform.
Introduction
Dielectric metasurfaces have shown unprecedented flexibility to manipulate the wavefront of light leading to the demonstration of numerous ultrathin optical elements [1, 2] . Despite the size reduction over refractive elements, metasurfaces are restricted by their operational bandwidth and limitations in achieving arbitrary control over all of the properties of light. While spatial multiplexing has been employed to encode multiple functions and increase bandwidth [3] [4] [5] , the approach generally leads to efficiency degradation due to space filling limitations and resonator cross-talk. Ultimately, it is necessary to explore the third dimension to extend the engineering space if high efficiency is to be achieved. Here, we outline a multilayer metasurface platform for increasing the design freedom of metaoptics. The layers are closely spaced and each layer can be adjusted independently for encoding multiple optical functionalities. As a proof of concept, we demonstrate the approach for multiwavelength metaoptics.
Multiwavelength Metaoptics Design
In this work, we demonstrate independent phase modulation at multiple wavelengths by closely stacking dielectric metasurfaces. Fig. 1a shows the schematic of the metasurface unit cell that is composed of vertically stacked nanoposts embedded in PDMS. The resonators are designed to be closely spaced in the z-direction to minimize the wavefront divergence after the first layer, but far enough to avoid coupling, so that the transmission coefficient ! " after the first layer is directly treated as the incident field to the second layer with the transmission coefficient ! " . As a result, the transmission properties of a doublet can be calculated to be the product of the transmission coefficients ( ! " ! # ) from each layer. To obtain additional degrees of freedom, the nanopost radii at each layer were varied independently for achieving multiwavelength phase control. As a proof of concept, we designed a multiwavelength metalens for the arbitrarily selected working wavelengths of 1180 nm and 1680 nm. A design graph, along with the corresponding transmission, was made for achieving all combinations of ! " (phase at 1180 nm) and ! " (phase at 1680 nm) is shown in Fig. 1b-e. The radii of the nanoposts on each layer are then selected such that the required hyperbolic phase is achieved for each wavelength.
Experimental results
We first designed and fabricated a metalens doublet with a 500 µm diameter and a focal length of 540 µm. The key steps of the processes are summarized in Fig. 2a . The first metalens was prepared using a 750 nm thick amorphous silicon (a-Si) layer grown by PECVD on fused silica. The metalens, along with alignment marks, was defined using electron beam lithography and reactive ion etching. A thin layer of diluted PDMS was then spin coated to encapsulate the nanoposts (Fig. 2a (i) ). The second substrate was prepared by depositing a 300 nm layer of germanium (Ge) on a Si handle substrate, followed by 750 nm of a-Si growth on Ge using PECVD. The Si metalens was fabricated using the same procedures as the first, followed by embedding the structures in a thick layer (~50 µm) of PDMS. The embedded nanoposts were released by dissolving the Ge sacrificial layer (Fig. 2a (ii) ), then flipped over, aligned and bonded with the first layer ( Fig. 2a (iii) ).
The fabricated metalens doublet was characterized by illuminating the optic using a collimated and unpolarized supercontinuum laser which was passed through a monochromator. Fig. 2b shows the measured axial intensity distributions along the propagation (z) direction, illustrating the same focal distance for the two wavelengths. To demonstrate imaging quality, the metalens doublet was used to image a standard 1951 United State Air Force (USAF) test chart. Images at the wavelengths of 1180 nm and 1680 nm are shown in Fig. 2c and Fig. 2d , respectively. The results indicate high resolution imaging of the lens from the clearly resolved linewidth of 7.81 µm. 
